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The Effect of Irrigation o.n the Growth and 
Composition of Plants at Different 
Periods of Their Development 
by 
John A. Widtsoe and Robert Stewart. 
1. THE PURPOSE OF THE EXPERIMENT. 
Early in the pursuit of the irrigation investigations con-
ducted by this Station, it became important to know the best 
amounts of water to apply at various stages of the plant's 
growth. The effect of the total quantity of water applied to 
a crop, depends in large measure upon the number of irriga-
tions and their times of application during the season. It was 
thought that some light would be shed upon this problem by 
examining crops, under variable irrigation methods, at dif-
ferent times before maturity. Such work, also, it was hoped 
might yield more definite information concerning the manner 
in which varying amounts of water will affect plants. N at-
urally, the results obtained in such an. investigation will not, 
of themselves, have final pra.ctical value, but may help in the 
establishment of irrigation practices. 
The attempt was made to determine, under varying 
amounts of irrigation, and at different periods of plant growth. 
1. The total yield of dry matter, 2. The proportion o{ plant 
parts, and 3. The chemical composition of the plant parts. 
For reasons to be given, the first division of the plan was 
only partially successful; and the total quantities of plant 
parts and their chemical constituents' per ac~e could not, 
therefore, be determined. The last two divisions were, how-
ever, more successful. 
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II. THE METHOD OF WORK. 
The work was done on the Greenville Farm, the soil of 
which is a cakareous loam, very deep and very unif~rm in 
texture and chemical composition.* The' plats, (29x57 ft .) 
were irrigated by a carefully constructed system of flumes 
which permitted a very accurate measurement of the water 
applied to crops. In the experiments recorded in this bul-
letin, three plats were set aside for each crop. These sets 
were irrigated on the same day, but one received at each 
irrigation ,a small quantity of water; another a larger amount, 
and the third a heavy appli.cation. The wheat and oats were 
planted .early in April; the peas in early May, and the sugar 
beets and potatoes in late May. The first irrigations were 
given between June 24 and July 22. The growth of the crops, 
therefore, was well under way befor.e the first application of 
water. Just before each irrigation the crops were sampled. 
Small squares (9x9 ft.) were laid off in different parts of the 
plat; quickly harvested and weighed immediately in the field : 
on sensitive scales. At the same time other smaller portions 
of the plats were harvested and immediately separated into 
stalks, leaves, heads, pods and roots or tubers. The differ-
ent plant parts thus obtained as well as samples of the whole 
plant were placed in jars which were carefully sealed. The 
large samples, after 'air-drying, were separated into their plant 
parts, later to be analyzed. The smaller , samples were used 
for the determination of the percentage of water in the green 
plants, and furnished also the data for calculating the pro-
portion of the several parts of the plant. 
Five crops were used in the experiment, namely; , w-heat, 
oats, field peas, sugar beets and potatoes. The wheat WdS 
grown in 1902 and in 1903. It was cut very near the ground 
and separated ·into leaves, stalks and heads. The oats were 
grown in 1904, harvested, (being cut very near the ground) 
and separated in a manner similarly to the wheat. Thepeaswe~e 
grown in 1902 and in 1903. They were also ·cut near the 
*For a description of these soils, etc., s'ee Widtsoe and McLaughlin, 
The Movement of Water in Irrigated Soils, Bulletin 115, Utah Experiment 
Sta~ion, pp. 201-203. 
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ground and were separated into leaves, stalks and pods. The 
sugar beets were grown in 1903 and in 1905. The whole 
plant was harvested and separated into leaves and roots. 
Sugar beets did not do well on the Greenville Farm in 1903, 
and only slightly better in 1905 and the results obtained are 
abnormal. Potatoes were grown in 1904 and in 1905. The 
whole plant was harvested and separated into leaves, stalks 
and tubers. 
The chemical analyses were done according to the o'ffi-
cial methods of the American Association of Agricultural 
Chemists. 
The results obtained, in so far as they are presented in 
this ' bulletin, represent averages. Wheat, peas, potatoes and 
beets were grown during two years; and the data in the fol-
lowing tables regarding these crops are the average of the 
two years. Oats were grown 'only one year. 
III. THE YIELD OF DRY MATTER. 
I t was planned to carryon these experiments with such 
care that the duty of water for various stages of plant growth 
could be determined. It was further hoped that by apply-
ing the chemical results to the total yields, an insight might 
be gained of the time of absorption or formation and 0f 
translocation of the different plant ·constituents. From the 
very beginning it seemed as if these hopes might be real-
lized. The green weights of crop cuttings from like squares 
agreed surprisingly well. 'But :when the water determina-
tions were made, ~he total yields of dry matter, under like 
conditions, were found to vary so much that it was thought 
unsafe to draw many conclusions from the results. Why the 
green weights should correspond so closely, and the -dry 
weights vary so much, we cannot explain. 
Some of the yields oj dry matter agreed, however, very 
satisfactorily. In table No.1, will be found several results : 
showing the yields of ' dry matter for each inch of irrigation 
water applied, and at different stages of growth. In this 
table no individual result varied more than ten per cent from 
the average used. 
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TABLE NO. 1. 
POUNDS OF DRY MATTER PER ACRE-INCH, OF 
IRRIGATION WATER. 
Stage of Growth 
At Cuttingl. 
Early _ ------------1 Late _____________ _ 
Early _____________ 1 
Medium ___________ 1 
Late ______________ 1 
WHEAT (1903). 
Amount of Water Applied. 
Maximum. 
613 
1461 
PEAS (1903). 
107 
423 
625 
Medium 
1568 
127 
SUGAR BEETS (1903). 
Medium ___________ 1 
Early _____________ 1 
Medium ___ ________ 1 
Late ______________ \ 
Maturity ________ _ 
292 
OATS (1904) . 
152 
153 
121 
306 
482 
403 
340 
POTATOES (1904). 
Medium ___________ 1 
Late _ _ ___________ 1 
Maturity __________ 1 
103 
314 
355 
POTATOES (1905). 
Late ___________ ___ / 
Maturity _ _ ______ _ 
791 
791 
541 
593 
Minimum. 
427 
142 
353 
651 
324 
328 
594 
472 
586 
500 
465 
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Table No.1 shows that in the majority of cases, the less 
the amount of irrigation water used, the greater the yield 
of dry matter per acre-inch of water. The only exceptions 
were : wheat in the early period of its growth; peas in the 
medium stage, and potatoes in t.he late and mature periods. 
That is, the rate of increase in dry matter did not keep pace 
with the increase in the total amount of water appiied on the 
different plats. This effect, as Table No.1 shows, occurred at . 
'the early, the medium and the late or mature periods of the 
plant's life. It has already been shown by this Station,* and 
will be shown more conclusively in a forth-coming bulletin; . 
that the greater the amount of water used in irrigation, the 
smaller is the mature crop obtained for each unit of water 
employed. The work recorded in Table No.1, indicates that 
thIs effect is anticipated from the very beginning of the irri-
gation season. It is regrettable that so few of the data ob-
tained in this investigation could be used to elucidate this 
matter. 
It is also to be observed that the number of pounds of 
dry matter produced by an acre inch of water was, with one 
exception, very much less when the plant was young. That 
is, the crop producing power of water at an early period was 
much less than at later periods in the plant's growth. This 
was to be expected, for in its early life, the plant is not 30 
fully developed, and the amount of growth under equally fav-
orabl~ conditions is, therefore, smaller than at later stages. 
Earlier investigations have shown that the greatest 
rate of growth of most plants occurs just previous to the 
ti~e of flowering and continues large until the seed is well 
ripened.t The amount of water should probably be propor-
tioned to the normal rate of growth at the different periods 
of development. 
In the early stages of their growth, then, plants need 
only small quantities of water, more being required as they 
approach the time of ripening, after which smaller amounts 
will be ample. This manner of water utilization by plants 
*See Bulletins 80, 86, 99, 105, 116 and 117, Utah Experiment Station. 
tFor an example see Bulletin 48, Utah Experiment Station. 
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has been borne out by the moisture determinations for soil 
under various crops at different periods of their growth.t 
Up to late June or early July, when the first irrigation 
was applied, the corresponding plats in the different -crop ex-
periments had received identical treatment, and the crops 
giv~n siinilar treatment were, as nearly as could be judged: 
in similar condition. The first cuttings of the various crops 
were made from one week to ten days after the first irrigatio1.1. 
At that time, as has already been observed, the yields on the ' 
various plats were largely different. That is, the response 
'of the crops to irrigation was very rapid. For instance, the 
early cutting of peas in 1903, was mad.e about one ' week aft.~r 
the first irrigation. The maximum plat yield was 803 pounds 
per acre of dry matter; the medium, 635, and the minim'um 
355. At least the difference between the maximum and min-
imum yields, equalling 448 pounds, had been produced i ~l 
one week as the result of irrigation. The early cutting o~f 
oats in 1904 was made about one week after the first irri-
gation. The maximum plat yield was 1,140 pounds per acre 
of dry matter; the medium 1,530, and the minimum 820. At 
least the increase above the minimum yield, amounting to 
710 pounds, must be attributed to varying the irrigation and 
shows how rapidly and vigorously the plant responds to 
changes in the soil moisture.. This is a subject of importance: 
for it shows that the plant immediately after an irrigation 
proceeds to use the water in the production of dry mat-
ter. 
IV. THE RELATIVE PROPORTIONS OF THE PLANT 
PARTS. 
Earlier work has shown that the quantity of irrigatio~l 
water applied to a crop influences the proportions of the plant 
parts. In this investigation it was of special interest to lear~l 
that this influence is in evidence from the time of the first 
irrigations, long before the maturity of the crop. In 
Table No. 2 will be found the relative proportions of the 
plant parts of all the crops used .in these experiments. 
iSee Bulletin 115, Utah Experiment Station. 
DEVELOPMENT OF PLANTS U DER IRRIGATION. 175 
In wheat, the percentage proportion of leaves seemed, 
duri,ng the earliest period, to be somewhat larger in the plants 
that had received least water; in the medium stage, the re-
verse condition began to appear; and, at the mature period, the 
percentage of leaves was distinctly smaller on the plats that re-
ceived least water. With stalks, on the other hand, the per-
centage was in the early and medium periods 6f growth de-
TABLE NO.2. 
PROPORTION OF LEAVES, STALKS, HEADS, ROOTS 
AND TUBERS. 
Average 
Date of ' 
Cutting. 
. Inches of 
Water 
Applied. 
A verage Percentage in 
Dry Plant of 
Leaves. I Stalks. I Heads 
WHEAT (1902 and 1903.).. 
1 7.50 31.05 6'0.32 1 
July 1------1 5.03 32.59 59.89 1 
1 3.46 32.92 57.40 1 
1 14.97 16.05 66.24 I . 
July 15 _____ 1 10.02 17.57 65.88 I 
1 5.96 13.16 64.43 1 
1 22.47 10.72 51.54 1 
Aug. 6 ______ 1 . 15.02 8.19 51.79 I 
1 8.46 7.02 48.00 I 
1 
.June 24 _____ 1 
I 
I 
July 14 -----1 
1 
I 
July 26 -----1 
1 
1 
Aug. 2 ______ 1 
r 
7.50 
7.50 
5.64 
30.00 
15.00 
9.39 
37.50 
15.00 
9.39 
57.53 
54.69 
48.31 
OATS (1904). 
I 19.99 
I 19.45 
1 19.01 
I 12.00 
I 11.38 
I 11.78 
I 10.36 
I 8.00 
I· 7.49 
I 6.41 
I 6.45 
1 6.19 
48.99 
49.84 
48.92 
41.71 
35.84 
39·11 
40.96 
32.82 
33 .. 78 
32.80 
32.56 
32.63 
8.63 I 
7.52 I 
9.68 1 
17.71 1 
16.55 1 
20.41 1 
37..74 I 
40.01 I 
44.98 I I 
31.02 I 
30.71 I 
32.07 I 
46.29 
52.78 
49.11 
48.68 
59.18 
58.73 
60.79 
60.99 
61.18 
I 
t 
Parts 
Stalks 
for one 
Part 
Leaves. 
1.90 
1.84 
1.74 
4.13 
3.75 
4.25 
4.81 
6.32 
6.84 
2.45 
2.56 .. 
2.57 
3.48 
3.15 
2.47 
3.93 
4.10 
4.51 
5.12 
5.05 
5.27 
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PEAS (1902 and 1903). 
3 _____ -' 
11.53 49.99 46.34 3.67 0.93 
July 5.00 51.78 46.66 1.56 0.90 
1 2.57 51.19 45.72 3.09 0.89 
1 19.03 31.47 42.39 26.14 1.35 
July 24 _____ 1 10.00 33.98 43.92 22.10 1.29 
1 5.07 34.43 40.73 24.84 1.18 
1 21.53 21.47 30.39 48.14 1.42 Aug. 11 _____ 1 15.00 15.98 26.48 57.54 1.66 
1 7.57 16.35 21.27 67.38 1.87 
SUGAR BEETS (1903 and 1905) . 
I Leaves. I Roots I 
'1 11 .25 54.07 1 45.93 1 
July 22 ----I 5.50 53.01 I 46.99 1 
1 3.12 52.23 1 47.77 I 
1 22.50 48.15 
I 
51.85 1 
Aug. 15 ____ I 9.27 41.98 58.02 1 
1 5.62 49.45 I 50.55 1 
1 36.38 58.99 1 41.01 1 
Sept. 15 _____ 1 13.04 57.67 1 42.33 1 
1 8.74 51.13 1 48.87 1 
I 36.38 43.92 1 56.08 1 
Oct. 17------1 13.04 48.89 1 51.11 1 
1 8.74 33.59 1 66.41 1 
POTATOES (1904 and 1905). 
Stalks. Tubers 
1 10.07 42.99 29.19 23.23 0.68 
July 2L ____ 1 7.08 47.45 32.95 19.59 0.69 
1 5.42 43.96 31.36 24.69 0.71 
1 33.34 25.20 16.83 57.97 0.67 
Aug. 2L ____ 1 14.16 30.86 26.59 42.60 0.86 
1 10.84 38.79 26.78 34.51 0.69 
I 55.63 19.99 22.17 57.79 1.15 
Sept. 20 _____ 1 20.82 21.83 19.39 58.79 0.89 
1 14.15 19.11 17.73 63.15 0.93 
1 . 58.63 13.13 10.59 76.28 0.81 
Oct. 2L _____ 1 20.82 19.11 12.78 68.12 0.67 
1 14.15 18.41 12.77 68.23 0.69 
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cidedly smaller on the plats that had received least watet , 
but, at maturity the difference was not so marked. "At every 
period of growth the percentage of heads increased inverse] y 
with the amount. of water applied. Considering the plant as 
a whole, the tendency at every stage of growth was, for the 
proportion of heads to increase, and the stalks and leaves 
to d"ecrease as the amount of irrigation water was de-
creased. 
Examining the leaves and stalks together, it is seen that, 
as the water decreased, the r,atio of stalks to leaves decreased 
in the early period of growth, but increased in the later 
periods. 
At any stage of growth, therefore, much water tends to 
produce leafy wheat plants " with relatively small heads; lit-
tle water tends to produce stalky plants with larg-e head:; . 
This variation is least noticeable in the early periods of 
growth, the response to varying amounts of irrigation 
water being shown ;v-ithin a week after the first application. 
Oats was influenced by varying- irrigations very much as 
was wheat, except that the differences were less marked. It 
is clear, however, that a dec"reasing water supply increased 
the percentage of heads, and decreased the percentages of 
leaves and of stalks. Much water gave leafy plants with 
relatively small heads ; little water, stalky plants with rela-
tive large heads. 
Peas, while obeying generally the same laws as do whe~t 
and oats, did not .show the same definiteness of direction ;:1 
their early periods of growth. As irrigation water decreased, 
in the early period, the percentages of leaves and of pods were 
irregular, while the percentage of stalks decreased. In the 
medium period, as the water decreased, the percentage ,)f 
leaves increased, the per.centage of stalks decreased, and the 
percentage of heads tended to decrease. In the late pe'riod 
the variation was definite; as the water decreased, the per-
centages of leaves and stalks decreased, the percentage of 
pods increasing. When the ratio of stalks to leaves is ex-
amined, it is observed that with decreasing irrigations' in the 
early period, the crop became more leafy; in the medium 
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period it was the same, but in the mature period less water 
produced decidedly more stalky plants. 
'. "" With much water, therefore., the pea plant tended " to 
become leafy with relatively small pods; with little water, 
it tended , to become stalky with relatively large pods. 
The proportions of the several parts of sugar beets were 
also affected by varying amounts of water, but not so reg-
ularly as was expected. The irregularity was due, no "doubt, 
to the abnormal character of the beet crop on the Greenville 
Farm. From the earliest to th~ latest period, however, the 
tendency seemed clearly to be a decrease in the proportion 
of leaves as the irrigation water decreased. 
Potatoes, also, showed much irregularity. In every per-
iod of growth, much water seemed to decrease the propor-
tions of leaves and of stems and to increase the. proportion 
of tubers. Considering only the leaves and stems, muc1i 
water tended to diminish the proportion of leaves. 
In general, leafy-plants having a vigorous growth of 
the underground parts are produced by much water. Po-
tatoes may be an exception. Relatively large heads or pods 
are produced when little water is employed. Just after the 
first irrigation these variations are not ordinarily strongly 
marked, but become more pronounced as successive irrigations 
are applied and maturity is approached. 
V. THE WATER IN THE GREEN PLANT AND ITS 
PARTS. 
The water actually concerned in the production and dis-
tribution of dry matter in a plant is that taken by the roots 
from the soil-water, and passed through the plant to be evap-
orate'a from the leaves. This last process, known as tran s-
piration, determines in a large measure all other "life proces-
s~s of the plant. Under an ideal system of agriculture in 
arid regions, the soil should be so treated as to prevent any 
moisture from escaping by direct evaporation; that is, all the 
water removed from the soil should be made to do so by , ay 
of the plant leaves. 
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The amount of water actually contained in the plant (I.t 
any moment is very small and of little importance in com-
parison with the total amount of water that passes through 
the plant during a season. U nder irrigation conditions, 
from 300 to several thousand pounds of water pass through 
plants " t~ produce one pound of dry matter. Yet, when the 
plant cells are well filled with water, the. plant is probably 
in a state of well being, a condition which means an acceler-
ation and nearer .completion of its life work. 
It was thought to be of interest.' and ' of possible import-
ance, to determine the effect of irrigations of different amounts 
upon the per cent of water contained in the plant as actu-
ally growing in the field. " The results obtained are sum-
marized in Table No.3. 
The whole wheat plant shows at every period of growth 
a tendency to contain a higher p'er cent of moisture when given 
larger applications of water. The differences are not large; 
however, and with two exceptions, fall well within the ex-
perimental error. 
I n the case of wheat leaves, the tendency is less marked. 
In fact, the data point strongly toward a practical constancy 
of water in the leaves, irrespective of the quantity of water 
applied. 
With the wheat stalks, however, the case is quite dif-
ferent. During the early period, there is virtual constancy 
in the per cent of water held by the stalks. In the medium 
and later stages there is a definite and rather "large decrea.3e 
in the per " cent of water, as the amount of irrigation water 
decreases. 
In the wheat heads several irregularities occur, which 
make definite conclusions impossible ; but, in general, the 
data p6int to a decrease during the early period in the pe~ 
cent of water corresponding to a decrease in the water ap-
plied, and a practical constancy during each of the later 
periods irrespective of the amount of irrigation. 
The per cent of water in the whole oat plant decreaserl 
markedly with a decrease in the water applied. The 03.t 
leaves, however, during the two first periods showed prac-
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tical constancy in their per cent of water. In the two later 
periods the tende~cy was the same, but not so regular as in 
the earlier stages. 
The oats stalks showed, in every period save the earliest) 
a definite decrease in the per cent of water with the de-crease 
in water applied. In the earliest period, the stalks contained 
practically the same amounts of water under varying amounts 
of irrigation. 
TABLE NO.3. 
WATER IN THE GREEN PLANT AND ITS PARTS. 
Average 
Date of 
Cutting. 
1 
July ·1------1 
1 
July 15 _____ 1 
• 1 
1 
Aug. 6 ______ 1 
1 
'I 
June 24 _____ 1 
1 
1 
July 14 __ ___ _ 1 
1 
, 1 
July 26 _____ 1 
1 
1 
Aug. : 2 _____ 1 
1 
Inches of 
Water 
Applied. 
7.50 
5.03 
3.46 
14.97 
10.02 
5.96 
22.47 
15.02 
8.46 
7.50 
7.50 
5.64 
30.00 
15.00 
9.39 
37.50 
15.00 
9.39 
57.53 
54.69 
48.31 
Average Per Cent of Water 
Immediately after Cutting. in 
Whole I I I Plant Leaves. Stalks Heads 
WHEAT. 
\ 
78.79 
74.88 
1 74.79 
t 
I 
74.46 
75.30 
73.50 
66.97 
58.48 
65.04 
OATS. 
77.34 
76.88 
76.02 
72.64 
70.73 
68.40 
69.29 
54.98 
56.49 
58.88 
47.55 
57.66 
72.76 
72.88 
72.25 
70.10 
74.92 
72.32 
64.59 
55.34 
65.13 
73.70 
73.58 
73.98 
75.60 
74.75 
75.17 
75.70 
57.21 
63.25 
73.55 
67.98 
68.46 
80.24 
80.69 
79.29 
75.96 
71.93 
70.27 
66.21 
63.05 
62.71 
79.94 
78.63 
78.84 
76.77 
75.89 
73.80 
77.03 
70.43 
71.47 
29.37 
22.36 
26.54 
81.03 
82.19 
77.85 
69.18 
73.03 
68.26 
55.98 
55.13 
60.59 
66.96 
64.93 
66.20 
57.31 
59.87 
54.33 
48.29 
34.26 
33.11 
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PEAS. 
1 11.53 82.88 84.54 83.33 1 83.35 
July . 3------1 5.00 82.26 81.05 82.49 1 86.97 
2 .. 57 80.71 80.51 81.29 I · 85.23 
1 19.03 81.35 80.96 76.94 1 81.83 
July 24 _____ 1 10.00 80.64 79.10 76.92 1 83.49 
1 5.07 78.43 77.54 77.06 ' 1 81.12 
1 21.53 47.92 41.89 45.61 1 59.02 Aug. 11 _____ 1 15.00 50.33 56.33 59.30 1 37.27 
1 7.57 36.24 35.53 44.60 1 17.02 
SUGAR BEETS. 
Whole I Leaves. Roots Plant 
1 11.25 80.23 88.08 84.09 
July 22 _____ 1 5.50 80.30 85.86 84.08 
1 3.12 76.91 87.47 82.35 
1 22.50 77.25 87.75 81.41 Aug. 15 _____ 1 9.27 80.21 88.17 84.61 
1 5.62 75.09 84.32 79.83 
1 36.38 74.54 83.86 80.04 
. Sept. 15 _____ 1 13.04 72.62 81.90 80.94 
1 8.74 71.81 80.03 79.45 
1 36.38 70.50 78.34 78.08 
Oct. 17 _____ 1- 13.04 69.84 78.79 76.72 
1 8.74 69.08 82.22 78.47 
POTATOES. 
Stalks. Tubers 
1 10.07 87.22 85.93 88.69 83.87 
July 2L ____ 1 7.08 85.68 85.84 88.15 84.18 
1 5.42 86.42 86.83 82.22 84.35 
1 33.34 83.49 84.87 83.53 78.46 
Aug. 2L ____ 1 14.16 80.00 83.77 84.78 .80.75 
1 10.84 83.23 85.48 84.74 81.28 
I 55.63 74.39 81.81 82.22 78.14 
Sept. 20 _____ 1 20.82 80.37 78.16 83.11 77.84 
1 14.15 81.34 77.48 82.82 78.06 
1 58.63 45.94 13.42 52.55 77.57 
Oct. 21 _____ 1 20.82 36.43 . 13.93 57.56 76.39 
1 14.15 40.30 13.23 47.59 77.88 
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In general the per cent of water in oat heads varied :IS 
that in the stalks, but the variation was not so regulae 
There was, however, a definite decrease in the per cent of 
water as the irrigation water decreased, except in the 
earliest period; and even there th~ tendency v,ras malll-
fest. 
For the two cereal crops, wheat and oats, it may be 
said, then, that as th.e applications of water decrease, the 
per cent of water in the whole plant tends to decrease ; in 
the leaves to remain -constant; in the stalks and heads to 
decrease. The differences are smallest when the plant 1s 
younge'st; and most irregular when ·the plant is near matur- , 
ity and the life cycle nearly completed. 
The whole pea plant showed an unmist,akable decrease 
in the per cent of water as the irrigations decreased,. thougb 
as in the case of wheat and of oats, the variation was irregular 
in the period of maturity. The. pea leav.es, likewise, became 
drier as the applied water diminished. The stalks showed 
a similar va~iation in the early period, but a practical con-
stancy in the later stages. The pea pods were extremely 
irregular in their water content, tending during the early 
period to an increase as the irrigation decreased; during the 
.later period to constancy, and during the petiod of matur-
ity, to a decrease with the decrease 111 water ap-
plied . 
. The whole sugar beet plant-leaves and roots-also 
showed in its per cent of water the effect of different amounts 
of irrigation. ' In every period of growth the per cent 0f 
water decreased as the water applied decreased. The only 
deviati~ns from this regularity occurred in the two earliest 
stages of growth. 
The per cent of water in the leaves of sugar beets, like-
wise, tended to decrease as the supply of water was de-
creased. In the three earliest stages this was well marked ; 
but in the mature stage the reverse condition seemed to 
hold. 
Irregularities occur in the per cents of water in the sugar 
beet roots. It is probably safe to say that the tendency is 
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towards constancy for each period irrespective of the amOU!1t 
of water applied. 
In the case of potatoes so many irregularities oC"cur that 
certain conclusions can hardly be drawn from the data of 
Table No.3. The per cent of water in the whole plant-
leaves, stalks and tubers-varies so mu·ch that no tenden-
cy towards regular variation can be discovered, 'unless it 
be that the driest plant is produced with the medium amount 
of water. 
The per cents ' of 'water in the potato leaves point 
strongly to constancy within each period of growth, with 
a slight tendency to decrease as the irrigation decreases. 
The potato stalks, also, are rather constant in their per 
cents of water with a decided tendency in the earlIest and 
the latest periods towards a decrease as the irrigation water 
is diminished. 
The potato tubers, alSo, show some irregularity, but poi::1.t 
to a constancy in their water content irrespective of the 
amount of irrigation water useq. 
While the investigation has not been extensive enough 
to warrant final conclusions, yet definite tendencies are 
pointed out. As the amount of wat~r, applied in' irrigation; 
decreases, the per cent of water decreases in the plant parts 
above ground-the leaves, s.talks and heads or pods: In 
the leaves the decrease is smallest; in ' the heads more, and 
greatest in the stalks. The per cent of water in the un-
der-ground parts, roots or tubers, seems to be little, if at 
all, affected by the applications of water. These effects 
are all felt from the first to the last period of growth: 
VI. THE ASH CONTENT. 
Ash is the incombustible portion of plants. It repre-
sents that portion of the plant which is taken from the soil. 
While the amount of ash is relatively small .in the plant; 
it is of very high importance. Unless all the indispen-
sable ash elements-about ten in number-are present in 
sufficient amounts in a soil, malnutrition results, and the 
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plant is either materially hindered in its growth or it dies 
prematurely. The average results of the ash determinations 
in the crops grown in these experiments are shown in Table 
l\: o. 4. 
The per cent of ash in the plant parts appears to be def-
initely influenced by the amount of water used in irriga-
tJOn. As the water increased the per cent of ash increased 
TABLE NO.4. 
THE PER CENT OF A~H. 
(In Dry Matter) 
Average Inches of Average Per Cent of Ash in 
Date of Water 
Leaves. ° I Stalks. I Cutting. Applied. Heads 
WHEAT. 
1 _____ -' 
7.50 12.67 8.95 5.39 
July 5.03 11.57 10.76 5.99 
1 3.46 11.53 8.60 5.05 
1 14.97 16.32 6.29 8.52 
July 15 _____ 1 10.02 17.54 7.67 7.42 
1 5.96 13.56 6.85 6.49 
1 22.47 16.85 6.72 5.14 Aug. 6 ______ 1 15.02 16.30 6.27 5.90 
1 8.46 14.00 6.38 3.15 
OATS. 
! 7.50 1 15.27 8.14 1 6.05 
June 24-----i °7.50 1 15.80 7.51 1 5.38 
1 5.64 1 19.46 9.29 1 5.70 
1 30.00 °1 17.79 8.68 1 7.48 
July 14 ___ :. _1 15.00 I 16.68 7.72 1 6.72 
1 9.39 1 14.13 7.75 1 6.55 
1 37.50 I 20.33 8.11 1 6.98 
July 26 _____ 1 15.00 1 18.69 7.80 1 6.26 
1 9.39 1 16.49 7.73 1 5.12 
1 57.53 1 21.87 9.25 1 3.78 
Aug. 2 ______ 1 54.69 1 20.45 7.63 I 5.79 
I 48.31 1 17.77 6.81 1 5.45 
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PEAS 
1 11.53 8.55 . 5.88 
July 3------1 5.00 7.99 6.39 
I· 2.57 8.30 5.34 
I 19.03 12.77 5.12 5A5 
July 24 _____ 1 10.00 11.54 4A2 6.01 
1 5.07 10.61 6.91 6.66 
1 21.53 13.84 4.80 5A1 Aug. 11 _____ 1 15.00 12.65 6.27 6.19 
I 7.57 14.59 7.69 
SUGAR BEETS 
I Leaves. Roots I 
1 11.25 28.08 7.94 1 
July 22 _____ 1 . 5.50 ·22.87 9.11 I 
1 3,12 27.47 8.41 I 
1 22.50 . 26.32 5AO t Aug. 15 _____ 1 9.27 22.43 5.31 I 
1 5.62 23.15 6.53 I 
I 36.38 29.63 6.59 ' 1 
Sept. 15 _____ 1 13.04 27.73 5.77 I 
1 8.74 25.73 6.19 I 
1 36.38 26.91 5.71 1 
Oct. 17------1 13.04 25.01 6.27 I 
1 8.74 24.58 6.17 1 
POTATOES. 
I Leaves. . Stalks. I Tubers I · 
I 10.07 23,22 14.24 I 4.69 
July 21 _____ 1 7.08 23.80 . 12.86 I 8.09 
I 5.42 20.86 14.60 I 8.95 
1 33.34 23.16 10.35 I 3.97 
Aug. 2L ___ _ 1 14.16 22.50 10.89 I 5.00 
1 10.84 21.99 9.98 1 4.03 
I 55.63 23.17 9.64 I 2.98 
Sept. 20 _____ 1 20.82 18.86 8.97 I 4.40 
1 14.15 14.00 8.88 I 4.54 
1 58.63 23.89 20.39 I 3.73 Oct. 21 ______ 1 20.82 22.57 19.17 I 3.39 
I 14.15 21.46 18.42 I 4.07 
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also. Simil,ar results have been found by other observers, 
experimenting with varying amounts of rainfall, or with pots 
of soil to which different amounts of water were adde!i. 
At practically all stages of growth, the leaves of the crops 
produced in these experiments, showed definitely an in-
creased ash content with an increase in the irrigation water 
used. In the wheat leaves the per cent of ash was invari-
ably smallest in the plats receiving least water; and, with one 
exception, highe~t on the plats receiving most water. In 
every period, save the earliest, the same regularity was ob-
served with the oat leaves. In the pea leaves the tendency 
was definitely the same, but irregularity occurred in the 
earliest and in the mature periods. In sugar beet leaves, 
likewise, the ash content increased as heavier irrigations were 
applied. In the two latest perioqs the variation with the 
water applied was regular; in the two earlier periods, the 
medium app'lications of water produced leaves containing the 
smallest per. cent of ash. Potato leaves showed a similar 
variation, a slight exception occurring only 'in the earliest 
period. 
I t may be said, then; that the per cent of ash in the dry 
matter of plant leaves, at any stage of growth, increases as 
che water supplied to the plant increases. The exceptions 
noted in Table No.4, whi,ch occur chiefly ' in the early 
period of growth, are not such as would throw doubt upon 
the correctness of this law. 
An examinatio~ of the ash per cents of the stalks of the 
plants grown' in these experiments shows that the same law 
h~lds as with leaves. In the two earlier stages, wheat stalks 
did not appear to obey the law, but in the inatur€ stage, It 
was definitely in evidence. ' Oat stalks, likewise, in the ear-
liest period, dep.arted from the la'w, but in all the later per-
iods the per cent of ash increased with an increase in frri-
gatio.n. Pea stalks, on the other hand, varied greatly; the 
tendency seemed rather to be that the ash content increased 
as the water used, decreased. In potato stalks, the law re-
appears, the per cent of ash being always high, except ':n 
the early period, in the stalks grown with much water. 
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Omitting the pea plant, the data of Table No.4, show 
that, as a general rule, the per cent of ash in stalks 'ipcreases 
for every period of growth as the amount of irrigation in-
creases. The period after the first irrigation showed the 
least conformity to this rule. The pea crop was irregular 
in its behavior throughout these experiments, a ' condition 
due very probably to the experimental difficulties encount-
ered in dealing with the crop. 
The per cent of ash in the heads of wheat and oats in-
creased with the increase in the water applied. Especially 
was this true in the later periods. The ash content of the 
pea pods varied, however, in the opposite direction. Whe-
ther this de.parture is due to an inherent qua'lity of the pea 
plant, or is due to the experimental difficulties already-
alluded to, is impossible to determine without further ex-
perimentation. 
In the rOQts of sugar beets the ash content did not ap-
pear to vary regularly with the water used. There was 
rather an approach to constancy within each period; with a 
slight 'tendency towards the reverSe of the law for the leaves 
and the stalks. It has already been noted that the field on 
which the sugar beets were grown did not, during the expe-
rimental years covered by this report, produce normal beets, 
a~d the results, especially those concerning the roots, should 
not be given undue importance. 
The analyses of the potato tubers indicated with definite-
ness that the per cent of ash decreases as the amount of water 
increases. That is, the variation is , the opposite of that found 
for the leaves and for the stalks. 
To sl1t:nmarize: The data obtained in these experiments 
indicate that the per cent of a~h in the parts above ground-
le·aves, st~ms, heads-in wheat, oats, sugar beets and potatoes, 
increases ,as the water supplied to the plant increases ; and in 
the underground parts-roots and tubers-decreases in ash 
content as the available water increases. The parts of these 
crops above ground and those beneath vary oppositely, so far 
as the· rel,ation of their ash content to irrigation is concerned. 
This variation is least marked during the period after the 
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first irrigation, but becomes more distinct as maturity 1S 
approached. 
A well known fact, that has been discussed in detail in a 
preceding bulletin, is, that a small irrigation produces much 
more dry matter, per unit of water, than does a large one.* 
For example, in some experiments conducted at this Sta-
tion, each inch of water in a seasonal supply of 7.5 inches, 
produced 994 pounds of dry matter; whereas each inch of 
a seasonal application of 50 inches produced only 160 pounds. 
That is, when moderate quantities of water are applied to 
crops, less water passes through the plant for . each pound 
of dry matter produced than when large quantities are em-
ployed. 
Evidently, this law, that the water equivalent of dry 
matter increases as the total quantity of water increases, is 
closely connected with the law herein established that the 
per cent of ash increases in the sub-aerial par~s of plants :15 
irrigation increases. 
Water, applied in irrigation, sinks deeply into the grounrl; 
within a few hours after application, and is incorporated 
into the soil-water films which are in close contact with 
the soil particles. Solution goes on. It is reasonable to 
believe that the more water used, the more soil constit-
uents go into solution. The more water, then, the plant 
transpires, the more of the dissolved soil constituents are 
brought into the plant to reappear as ash after the plant is 
burned. 
The indication that the subterranean parts of plants-
roots and tubers-lose ash as irrigation is increased, leads 
us to suggest, that, under conditions of heavy irrig.ation, 
when much water, possibly of low concentration, ' is passing 
through the plant, some of the mineral matters found in the 
roots may be washed upward towards the leaves where evap-
oration occurs. Leaves and stalks would, therefore, be en-
. riched with .ash con.stituents at the expense of the roots. 
In all probability the two causes combine to produce the 
. *See also Bulletins 80 and 86, Utah Experimental Station. 
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concentration of plant foods in leaves and stalks as irriga-
tion increases. 
The economic phase of these observations may be of 
c'onsiderable importance. The ash content, as has been said, 
. may be used as a measure of the fertility, in the form ~f 
plant foods, withdrawn' from the soil for each unit of dry 
matter produced. In a rational system of agriculture, not 
only should all plant foods so withdrawn, be returned to 
the soil, but the attempt should be made to produce each 
unit of dry . matter with the least expenditure of plant food. 
It is clear from the data of Table No.4, that ·a waste of 
plant food occurs when much water is used for irrigation .. 
From the point of view, therefore, of c'onserving our stoci<: 
of plant food, moderate rather than excessive irrigation should 
be practiced.* This suggestion is in harmony with the doc-
trine that moderate irrigations insure the most economical 
use of water in dry matter production. 
VII. THE PROTEIN CONTENT. 
Protein, as herein used, means all the substances of the 
plant that contain the element nitrogen. It is very im-
portant because it furnishes the animal body with many ()f 
the most necessary foods. The element nitrogen is probably 
the most important of all the plant foods, since it is required 
in large quantities by plants and is found in the soil in 
small quantities, and, under improper methods of agri-
culture, is easily lost to the plant. Nitrogen is, in fact, the 
pivotal element in plant production, ' as protein is the pivo-
tal element in animal production. 
The crops grown in these experiments were all analyzed 
for protein with the results as shown in Table No.5. 
In the earlier stages, after the first irrigation, the per 
cent of protein in the leaves of the ·crops examined showed 
little variation with different amounts of water used; the 
*This subj ect will be discussed mOire fully in a forthcoming bulletin 
on the chemical composition of mature crops grown with different amounts 
of water. This bulletin refers especially to the earlier stages of growth. 
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TABLE NO.5. 
THE PER CENT OF PROTEIN 
(In Dry Matter) 
Average I Inches of I 
I Date of Water Leaves. Stalks. Heads Cutting. Applied. 
WHEAT 
I 7.50 I 22.05 10.48 I 17.30 
July L-----I 5.03 1 23.03 9.77 1 16.16 
1 3.46 1 21.80 8.15 1 15.63 
1 14.97 1 20.87 7.19 1 12.96 
July 15 _____ 1 10.02 . 1 . 19.22 8.78 · 1 13.84 
1 5.96 1 21.68 9.75 1 13.76 · 
1 22.47 1 17.96 3.13 1 12.51 Aug. 6 ______ 1 15.02 1 . 15.60 4.28 1 12.47 
1 8.46 1 19.00 5.62 1 14.06 
OATS 
1 ' 7.50 16.48 7.91 I· 17.82 June 24 _____ 1 7.50 17.21 7.91 1 13.50 
1 5.64 15.98 8.13 1 16.80 
1 30.00 14.72 5.53 1 16.68 
July 14 _____ 1 15.00 12.60 5.52 1 13.43 
1 9.39 13.74 6.15 I 15 .55 
1 37.50 7.64 3.38 1 14.12 
July 26 _____ 1 15.00 8.25 3.75 1 15.39 
1 9.39 10.31 3.83 ,. 15 .65 
, 57.53 5.86 2.72 I 14.95 
Aug. 2 ______ 1 . 54.69 7.11 3.17 i 16.32 
1 48.31 8.88 3.50 1 17.72 
PEAS. 
1 11.53 27.17 · 12.98 I , 1 
July 3 _____ _ 1 5.00 27:06 14.26 1 1 
1 2.57 23.79 13.47 1 1 
1 19.03 15.06 7.82 1 21.96 1 
July 24 _____ 1 10.00 15.22 8.06 1 23.32 1 
1 5.07 13.78 8.52 1 26.08 1 
, 21.53 13.84 , 1 
Aug. 1 L ____ I 15.00 12.65 1 \ 
1 7.57 14.59 1 . \ 
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SU GAR BEETS. 
I Roots 
I 11.25 19.43 1 12.82 I 
July 22-----1 5.50 21.72 1 13.60 1 
1 3.12 20.55 1 12.86 1 
1 22.50 17.63 .1 7.45 1 
Aug. 15 _____ 1 9.27 20.05 1 8.89 1 
1 5.62 19.97 ' 1 9.36 1 
1 36.38 13.95 1 7.32 1 
Sept. 15_~ ___ 1 13.04 16.79 1 7.66 1 
1 8.74 14.40 1 8.61 - 1 
1 36.38 14.16 ·1 5.16 1 
Oct. 17 .-----1 13.04 1 1 
1 8.74 15.42 1 9.83 1 
POTATOES. 
Average I Inches oi I Date of Water Leaves Stalks. Tubers 
Digging. Applied. 
r 10.07 1 22.20 11.33 10.42 1 
July 21 _____ 1 7.08 1 23.41 14.14 11.20 1 
1 5.42 1 25.Q9 15.20 11.69 1 
I 33.34 1 19.72 11.33 8.48 1 
.Aug. 21- ____ 1 14.16 
I 
19.07 14.85 10.72 1 
1 10.84 23.27 18.22 10.72 1 
1 55.63 1 14.54 9.15 9.62 1 Sept. 20 _____ 1 20.82 1 15.99 10.92 11.20 I 
1 14.15 ' 1 19.90 11.15 12.32 1 
1 58.63 1 12.69 10.59 9.49 1 
Oct. 21 _~ ____ 1 20.82 1 13.81 9.95 10.91 I 
I 14.15 1 15.43 11.12 12.24 I 
tendency, if any, was towards an increase of protein as 
the amount of water increased. As maturity was approached ' 
this condition was changed, the per cent of protein being 
markedly larger whenever little w.a:ter had been used. Pea 
leaves were the -most irregular, though there was genen.1 
conformity to the statement first made; potato leaves were 
the most definite, since from the first to the last period, 
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the per cent of protein increased as the quantity of water 
decreased. 
The stalks were more regular than the leaves in the 
variations of their protein content. With only two excep-
tions, the per cent of protein, in the earliest period, in-
creased as the water de,creased. In all of the later periods 
there was only one exception to the rule, that the less water 
used, the higher the per cent of protein. It may be stated 
as a law, then, that from the earliest periods after irriga-
tion, the per cent of protein will increase as the amount of 
irrigation is decreased. 
The heads of wheat and of oats were very much like 
the lea,ves in the variation of their protein. In the earliest 
period, there was a higher per cent of protein in the heads 
grown with most water. Later, this ·condition changed, un-
til, in the mature period, the per cent of protein was decid-
edly highest in the heads of plants, receiving least water; 
taken just before maturity, only one series of pea pod samples 
was analyzed for protein. 'The per c'ent of protein increased 
emphatically as the amount of water decreased. 
The sugar beet roots when analyzed for protein gave 
results that agreed with the findings for the leaves and the 
stalks. During the earl}est period the per ,cent of protein 
was approximately constant under varying conditions of irri-
gation. In the later and the mature stages, however, the 
per cent of protein increased greatly as the irrigation water 
was decreased in quantity. 
Practically the same results were obtained with potato 
tubers as with beets. From the earliest to the mature periods; 
decreasing the supply of water, increased the per cent of 
protein. 
To summarize: As the quantity of water used in irri-
gation is decreased, the per cent of protein in the dry mat-
ter of leaves, stalks, heads; pods, 'roots and tubers tends to 
increase. In the earliest stages after irrigation, leaves and 
heads do not show this variation, but r.ather the opposit'2; 
in the later stages the variation is marked. 
DEVELOPMENT OF PLANTS UNDER IRRIGATION. 193 
The general fact that moderate irrigations produce ·crops 
with a higher percentage of protein has been established by 
this station,* and by several other investigators. That the 
protein content is affected from the first irrigation has been 
suspected by workers in this field. 
The compounds of nitrogen, from which protein is made; 
are obtained by the plant from the soil. That is, they are 
taken up as are the ash ingredients discussed in the pre-
ceding section. It would seem, therefore, that the protein 
should vary as does the ash . . Instead, the variation is ~he 
opposite. It has long been known that the larger portion 
of the nitrogen contained by a plant is taken up in the very 
early stages of growth. Moreover, the nitrogen is present 
in the soil in relatively small quantities, and usually in some-
what insoluable forms, unavailable to plants. By nitrifi.ca-
tion, and other similar processes, the nitrogen is converted 
into soluble forms, suitable for the use of plants. In spring 
and early summer, when the demand of the young plant for 
protoplasmi,c materials is greatest, the relatively small quan-
tity of available nitrogen in the soil is eagerly and quickly 
absorbed. From then on new supplies of nitrogen are made 
available by nitrification and related processes, but these are 
slow and y ield comparatively small amounts.t Moreover, 
after the necessary cell material has once been made, it ~ s 
doubtful if the plant's demand for nitrogen continues un-
abated. In any case the nitrogen in the protein of plants is 
obtained chiefly in the early stages of growth, usually before 
irrigation is begun. As irrigation proceeds carbon assimi-
lation continues and increases. The more water used, the 
more dry matter produced and more rapidly the protein c'an 
be formed. Consequently, the proportion or per cent of pro-
tein in the dry matter decreases.t 
*Bulletin No. 80, U tah E xperiment Station. 
t Stewart and Greaves in Bulletin 106.. 
:tAt the present time we have little knowledge concerning the total 
amount of protein per cent under varyingl conditions of irrigation. A 
contribution to this subj ect will appear later when the chemical compo-
sition of the crops grown in the irrigation investigations is discussed. 
See Utah Bulletin 120. 
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VIII. TIlE CONTENT o.F ETHER EXTRACT. 
The plant parts obtained in this investigation were ex'-
tracted with ether. The extract is a mixture of many pro-
ducts resulting from the life activity of the plant, chief among 
which are chlorophyll, resinous substances and fat. It has 
been customary to look upon the ether extract as a measure 
of the fat contained in the plant. Though the data derived 
TABLE NO.. 6. 
THE PER CENT o.F ETHER EXTRACT. 
(In Dry Matter) 
Average 
Date of 
. Cutting. I I~:~!rof I Leaves. I. Stalks. Applied. 
WHEAT. 
1 _____ -' 
7.50 6.20 1.42 
July 5.03 -.38 1.68 
1 3.46 5.51 1.39 
1 14.97 5.66 1.21 . 
July 15 _____ 1 10.02 4.33 2.18 
1 5.96 5.25 1.68 
1 22.47 5.82 1.80 
Aug. 6 _____ _ 1 15.02 ·6.3ft. 2.32 
I 8.46 5.88 1.89 
OATS 
I 7.50 I 6.92 1.90 
June 24 _____ 1 7.50 1 7.76 1.66 
1 5.64 1 6.70 1.36 
' 1 30.00 I 6.60 . 1.92 
July 14 _____ 1 15.00 1 7.27 1.75 
1 9.39 I 6.55 1.59 
1 37.50 1 7.04 1.33 
July 26 _____ 1 15.00 1 7.13 1.64 
1 9.39 I 7.06 2.63 
1 57.53 I· 7.21 1.59 Aug. 2 ______ 1 54.69 1 8.20 1.85 
1 48.31 1 7.72 2.14 
Heads 
2.75 
2.46 
2~63 
2.76 
2.75 
3.04 
1.88 
2.19 
1.60 
2.33 
2.19 
2.11 
5.74 
3.98 
7.36 
5.02 
4.55 
4.97 
4.67 
4.76 
4.52 
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PEAS 
I Pods 
I 11.53 3.79 I 1.66 
July 3------1 5.00 3.72 1 1.67 
I 2.57 5.43 I 1.94 I 
1 19.03 4.39 I I 1.75 1.70 
July 24 _____ 1 10.00 3.81 I 1.99 1.05 
I 5.07 4.16 I 0.83 1.09 
1 21.53 3.19 I 0.67 1.22 
Aug. 11 _____ 1 15.00 2.18 1 0.83 1.22 
I 7.57 3.86 I 0.72 0.98 
POTATOES. 
I" 
I Stalks. Tubers I 
1 10.07 3.91 1.39 0.91 I 
July 2L ____ 1 7.08 3.09 1.18 0.74 . I 
I 5.42 4.07 1.01 0.59 I 
1 33.34 5.64 1.84 0.58 I · 
Aug. 21 _____ 1 14.16 4.20 1.62 0.64 I 
I 10.84 5.95 1.74 0.75 1 
1 55.63 5.59 1.22 0.87 1 
Sept. 20 _____ 1 20.82 5.69 1.76 0.73 1 
1 14.15 5.98 1.51 0.39 I 
1 58.63 2.61 1.44 0.83 I 
Oct. 2L ____ 1 20.82 3.65 2.12 0.71 1 
1 14.15 2.50 1.37 0.32 I 
BEETS 
I Roots. 
1 11.25 1 · 1.72 0.98 
July 22 _____ 1 5.50 1 2.62 0.77 
I 3.12 I 3.18 1.02 
I 22.50 I 2.67 0.47 
Aug. 15 _____ 1 9.27 I 2.97 0.51 
I 5.62 I 3.46 0.37 
I 36.38 I .2.38 0.46 
Sept .• 15 _____ 1 13.04 I 2.48 0.49 
I 8.74 I 3.53 0.25 
I 36.38 I 2.83 0.56 
Oct. 17------1 13.04 I 3.28 0.43 
I 8.74 1 2.44 0.42 
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from the ether extractions of the plant parts, produced with 
different quantities of water, do not appear to have 
great value, yet they are shown in Table No.6 as matter 
of record. 
I t is difficult to find in a study of Table No.6, any 
marked correlation between the amount of water used, and 
the per cent of ether extract. Those who are interested 
may study the table and draw their own conclusions. There 
is probably a general . tendency for the per cent of ether ex-
tract to increase as the water used increases. 
TABLE NO.7. 
THE PER CENT OF CRUDE FIBRE. 
(In Dry :tyIatter) 
Average I Inches of I 
Leaves . . 1 Date of Water Stalks. H eads 
Cutting. Applied. 
WHEAT. 
I 7.50 23.63 I 33.58 16.85 
July 1------1 5.03 22.45 I 26.37 17.84 
I 3.46 22.28 I 31.79 21.63 
I 14.97 21.16 1 39.80 29.07 ' 
July 15 _____ 1 10.02 17.70 1 40.49 27.75 
1 5.96 21.66 1 36.16 26.73 
1 22.47 23.95 1 43.69 21.37 Aug. 6 ______ 1 15.02 23.70 1 42.62 18.44 
1 8.46 24.61 1 42.37 19.32 
PEAS 
I , ., 
I Pods 
1 11.53 1 8.12 33.56 1 
July 3 ______ 1 5.00 1 9.42 34.10 1 
1 2.57 1 15.12 33.22 1 
1 19.03 1 10.44 35.33 1 23.92 
July 24 _____ 1 10.00 1 8.74 33.01 1 22.62 
1 5.07 1 8.74 38.97 1 24.86 
1 21.53 /. 
12.08 51.89 I 8.52 
Aug. 11 _____ / 15.00 14.73 48.81 I ' 9.99 
7.57 1 16.03 51.28 1 8.96 
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POTATO ES 
I Stalks. I . Tubers 
1 10.07 11.93 33.27 4.11 
July 21- -- - - 1 7.08 11.16 29.66 3.58 
1 5.42 10.78 27.41 3.32 
1 33.34 9.80 30.57 4.69 
Aug. 21 _____ 1 14.16 10.43 29.76 4.81 
1 10.84 6.62 33.53 6.51 
1 55.63 8.48 29.95 3.64 
Sept. 20 _____ 1 20.82 9.25 28.97 3. 17 
1 14.15 8.57 29.52 3.89 
1 58.63 15.79 27.04 2.17 
Oct. 21...: __ __ _ 1 20.82 16.54 30.09 2.32 
1 14.15 15.69 28.96 2.55 
SUGAR BEETS 
Roots. I 
1 11.25 12.96 7.46 1 1 
July 22 ___ __ 1 5.50 11.22 6.88 1 1 
1 3.12 10.09 7.05 1 1 
1 22.50 11.23 6.91 I 1 
Aug. 15-----1 9.27 10.41 6.73 1 1 
1 5.62 9.43 6.64 1 1 
1 36.38 10.73 5.29 1 1 
Sept. 15 _____ 1 13.04 10.61 5.69 1 1 
1 8.74 9.36 6.09 1 , 
1 36.38 . 9.91 7.61 1 1 
Oct. 17 _~ ____ I 13.04 10.31 7.41 1 .1 
1 "8.74 8.70 7.28 I 1 
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IX. THE CONTENT OF CRUDE FIBER. 
The ·crude fib·re, representing the woody part of plants; 
is obtained by successive treatments of the plant with alkali 
and acid. The crude fiber determinations of the crops con-
sidered in this investigation were made with a view of learn-
ing whether "woodiness" is affected in the various periorls 
of growth by different irrigations. The results are shown 
in Table No.7. 
The results are very irregular, and as in the case of the. 
ether extract, no definite conclusions can be drawn with any 
degree of c·ertainty. That irrigation does influence the "woorl-
iness", is probably certain. Common experience has' led to 
the belief that ·certain methods and amounts of irrigation 
will produce plants of a woody nature. The method of 
analysis employed is probably responsible for the results 
obtained, for it is a method which yields concordant results 
only when the procedure is very uniform througnout. These 
determinations were made by different men, and the error 
in the analyses probably overshadows in part the variation 
due to varying irrigation. 
A. careful study . of . Table No. 7 will probably lead 
to the conviction that fro.m the beginning,. the per cent of 
crude fiber is increased as the quantity of irrigation watet: 
is increased. Data obtained in another division of these 
investigations, soon to be published, appear to confirm tfiis 
view. 
X. SUMMARY. 
1. At all periods, the more water that is given a plant 
tqe less dry. matter is produced per unit quantity of water. 
2. The plant res'ponds rapidly and vigorously to appli-
cations of irrigation water. 
3. During the early periods of growth plants need less 
water than during later periods. The quantity of water used 
in irrigation should be determined by the period of the plant's 
growth. 
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4. Leafy plants and a vigorous growth of the under-
ground parts are produced by much water. 
S. Relatively large heads or pods are produced when 
little water is employed. 
6. Variations in the proportion of plant parts under 
varying irrigations become more definite as maturity is ap-
proached. 
7. As the quantity of water, applied in irrigation, de-
creases, the per cent of water decreases in the whole plant 
above ground-in the leaves, stalks, heads and pods. 
8. The per c'ent of moisture in sugar beet roots or potato 
tubers seems to be little, if any, affected by the applications 
of different amounts of water. 
9. The per cent of ash in the above ground parts df 
plants increases as irrigation is increased. 
10. The per cent of ash in the underg round parts of 
plants decreases ,as irrigation is increased. 
11. To conserve the plant foods in the soil, irrigation 
should be practiced moderately. 
12. The per ,cent of protein in all plant parts increases 
as irrigation is decreased. 
13. All variations in the chemical composition of plant 
parts, due to v.ary ing irrigations, are evident from the ear-
liest period of irrigation, and become more marked as matur-
ity is approached. 
14. N o correlation between the per cent of ether ex-
tract and the quantity of irrigation water could be ob-
served. 
15. There seemed to be a slight tendency for crops 
grown with ~uch water to become "woody" . The variati0!1 
was not marked. 
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